Radical species generated from the reactions of a basic amino acid, L-Lysine (Lys), with hydroxyl radicals ( • OH) and sulfate radical anion (SO 4 -• ) have been detected by the method of pulse radiolysis.
INTRODUCTION
Under aerobic conditions, amino acid residues of proteins are susceptible to attack by reactive oxygen species (ROS), and the damages in proteins and peptides are implicated in a variety of disease states, as well as in the progression of aging. [1] [2] [3] [4] Varieties of amino acid radicals produced by ionizing radiations have been characterized by the methods of electron spin resonance (ESR) [5] [6] [7] [8] [9] [10] and pulse radiolysis [11] [12] [13] [14] in the last few decades.
Hydroxyl radical ( • OH) generated under oxidative stress is an oxidizing radical species toward biomolecules, and is considered to induce harmful effects on living things. It has been reported that reaction of such primary radicals with nucleohistone in aqueous solution produces crosslinks between DNA bases and amino acids such as lysine (Lys) and arginine (Arg). [15, 16] Since • OH induces oxidation of amino acids near the interfaces of proteins and solvent water molecules, radiation-induced footprinting coupled with mass spectrometry has become a powerful technique for mapping the solvent accessible surface of proteins. [17] In the case of simple -amino acid of glycine (Gly), • OH abstracts hydrogen from the carbon skeleton at neutral or acidic pH. In the basic pH range, • OH also directly attacks the nitrogen atom of the deprotonated amino group and initiate decarboxylation leading to the formation of a strongly reducing -amino carbon-centered radical. [13, 18, 19] Most spectroscopic studies have focused on the radical reactions of simple -amino acids induced by • OH, on the other hand, limited studies have been reported for basic amino acids, such as Arg and Lys.
Previous ESR spin trapping studies on • OH reaction with Lys identified C-centered radical structures generated as a result of • OH attack at the side chain. C-Centered radicals thus generated form DNAprotein crosslinks via addition to thymine base or radical-radical recombination with thymine radicals. [15, 16] Recent product analysis studies on DNA-protein crosslink identified N-(guaninyl)lysine adducts by photosensitized or chemical oxidation of guanine base in the presence of Lys The electron beam (7 Gy pulse -1 ) was produced in a linear accelerator (High Voltage Engineering Co., Ltd.) giving 10-MeV electrons with a variable pulse width up to 5 s; its peak current being about Figure 4b to be  340 = 9400 dm 3 mol -1 cm -1 .
Structures of Lys radicals
Structures of the Lys radical intermediates observed in the reaction of Lys and • OH are listed in [8, 9, 32] since increased absorption in the shortwavelength range was observed during the pulse radiolysis measurement (Figure 3 ). Alternatively, further oxidation of -amino group into aldehyde might be expected, since similar oxidation has been also found in the photocatalytic reaction of L-Lys by TiO 2 leading to generation of L-pipecolinic acid, [33, 34] and in the metal-catalyzed oxidation of Lys to form 2-amino-adipic-semialdehyde as a major product. [35] 4. CONCLUSIONS In summary, oxidation of a basic amino acid of L-Lys by • OH and SO 4 -• has been investigated by employing the method of pulse radiolysis. It was demonstrated that hydrogen abstraction by • OH from , , and -CH 2 of L-Lys generating the redox-neutral C-centered radicals is a major process as suggested by previous EPR studies, and that more than two kinds of reducing species are concomitantly generated during the radiolysis. On the other hand, strongly oxidizing SO 4 -• induced direct oxidation of Lys, most likely, into the -aminyl/aminium radical. Since nuclear DNA is closely associated with Lys-and Argrich histone proteins, this type of Lys radical is considered to be a key intermediate radical causing
DNA-protein crosslinks, thus the current study will provide useful kinetic parameters for understanding the reaction mechanisms of DNA-protein damages induced under oxidative stresses. 
Figure Captions

